An amorphous iron oxide-carbon composite has been fabricated through an effective, inexpensive, and scalable method employing solution combustion synthesis. Amorphous iron oxide nanoparticles with diameters of about 5 nm were synthesized and uniformly embedded in a dense carbon matrix. The synthesized composite exhibits enhanced cyclability and rate capability, showing a high reversible capacity of 687 mAh g -1 after 200 discharge/charge cycles at a current rate of 0.5 A g .
Introduction
Lithium ion batteries (LIBs) are one of the most promising power sources for portable electronic devices, electric vehicles and hybrid electric vehicles due to their high energy density and long life.
1, 2 As a result, significant research has been completed to develop new anode and cathode materials with higher capacities to replace the conventional graphite/LiCoO 2 systems. Transition metal oxides, including those of iron [3] [4] [5] , cobalt [6] [7] [8] , manganese [9] [10] [11] [12] , nickel 13, 14 , and copper [15] [16] [17] , have attracted particular attention as anode replacements because of their higher theoretical capacities when compared to commercial graphite and the potential to increase their rate capability by more finely controlling their nanostructure. 18, 19 Iron oxides are particularly attractive in this regard given their high capacities, low cost, environmental friendliness, and the natural abundance of iron. However, their practical application has been hindered by poor cycling performance and low rate capability owing to low electrical conductivity and significant distortion during Li insertion/extraction. 2, 20 Nanostructural control and coating or compositing with carbon materials have shown some success in overcoming this issue.
Nanostructures with increased surface area improve contact between the solid and the electrolyte, shorten the route for lithium diffusion, and minimize the effects of volume change. 20, 21 Various iron oxide nanostructures, including nanoparticles 22, 23 , nanorods 24, 25 , yolk-shell structures 26 , and hollow structures 27, 28 , have been developed and show improved electrochemical properties. However, an increase in surface area increases the chance of side reactions, yielding low coulombic efficiency for lithium deintercalation/intercalation and poor cycling performance as a result. Conductive carbon materials are especially promising coating and compositing agents for iron oxides given that they can increase electronic conductivity and enhance lithium diffusion. In particular, compositing can effectively buffer volume change and prevent the nanostructures from being pulverized during repeated lithiation/delithiation. 18, 20 Many reports have been engaged with the production and application of iron oxide-carbon nano-composites for the anode of LIBs. [29] [30] [31] [32] TG analysis (Fig. 3-(1) ) was used to determine the reaction behavior of the various samples. The post-SCS samples ( while weight loss below 540 o C was due to decomposition of unstable carbonaceous materials, weight loss above that temperatrue seemingly resulted from the reduction of iron oxide to metallic iron by carbon, as shown in the following formula:
The formation of metallic iron was also confirmed by the presence of the corresponding peak in the XRD spectrum. Finally, the TG curve for the calcined composite in air ( EDS was used to probe the chemical composition of FeO x /C; the corresponding data is shown in Fig. 4 -c. It shows that the composite consists of carbon, nitrogen, iron, and oxygen.
The presence of oxygen can mainly attributed to iron oxide, as well as a small amount of adsorbed O 2 and CO 2 . Meanwhile, the nitrogen primarily derives from residual glycine and trace nitric ions. Mass spectrometry (as shown in Fig. 3-(2) ) of the gas released during TG analysis detected nitrogen oxide, further corroborating these results. It has been reported that nigrogen-doping can enhance the electronic conductivity of carbon-based materials, therefore improving electrochemical performance. 37, 38 With physical testing complete, the FeO x /C composite was then subjected to electrochemical testing, starting with galvanostatic discharge/charge at a current density of 500 mA g The discharge/charge curves for FeO x /C show no obvious plateaus; this dramatic difference between the two samples is likely the result of significant carbon intercalation.
Note that, in the first discharge process, the potential of the cell quickly dropped to 1.2 V; at this point, lithium intercalation proceeded slowly, resulting in an initial lithium storage capacity of 1211.6 mAh g -1 .
CV tests were employed to further investigate electrochemical performance, specifically focusing on the oxidation/reduction and phase transformation processes that occur at the electrodes. . These results suggest that the developed synthetic method holds significant promise; it may even be possible to extend it to other metal oxides. 
